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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to a humidification sys-
tem, particularly but not solely, for supplying optimal hu-
midity temperature of gases to a patient to assist the pa-
tient’s breathing for ventilation purposes, or for the supply
of gases for other medical procedures, such as laparo-
scopic, endoscopic or ophthalmic procedures.

Summary of the Prior Art

[0002] A number of methods are known in the art for
assisting a patient’s breathing. Continuous Positive Air-
way pressure or CPAP involves the administration of air
under pressure to a patient, usually by a nasal mask. It
is used in the treatment of snoring and Obstructive Sleep
Apnea (OSA), a condition characterised by repetitive col-
lapse of the upper airway during inspiration. Positive
pressure splints the upper airway open, preventing its
collapse. Treatment of OSA with nasal CPAP has proven
to be both effective and safe, but CPAP is difficult to use
and the majority of patients experience significant side
effects, particularly in the early stages of treatment.
[0003] Upper airway symptoms adversely affect treat-
ment with CPAP. Mucosal drying is uncomfortable and
may awaken patients during the night. Rebound nasal
congestion commonly occurs during the following day,
simulating a viral infection. If untreated, upper airway
symptoms adversely affect rates of use.
[0004] Gases may also be supplied to patients suffer-
ing from Chronic Obstructive Pulmomary Disease
(COPD). Also, at present there is no suitable means for
home humidification of tracheotomy patients. These pa-
tients have by-passed upper airways and are prone to
infection and congestion.
[0005] A number of methods may be employed to treat
such symptoms, including pharmacological agents to re-
duce nasal disease, or heating the bedroom. One most
commonly employed method is humidification of the in-
spired air using an in line humidifier. Two types of humid-
ifier are currently used. Cold pass-over humidifiers rely
on humidifying the air through exposure to a large surface
area of water. While they are cheap, the humidity output
is low at high flows, typically 2 to 4 mg\L absolute humidity
at flows above 25L/min. The output is insufficient to pre-
vent mucosal drying. Heated water bath humidifiers are
more efficient, and produce high levels of humidity even
at high flow rates. They are effective at preventing upper
airway mucosal drying, prevent increases in nasal resist-
ance, and are the most reliable means of treating upper
airway symptoms.
[0006] Any of these active systems will have, to some
degree or other, condensation (or rain out) in the tubing
connecting the humidifier to the patient. The degree of

condensation is strongly dependent on the ambient tem-
perature, being much greater for greater differences be-
tween the ambient temperature and the gas temperature.
The formation of large quantities of water in the breathing
tubing causes considerable inconvenience to the patient,
may accelerate cooling of the gas, may eventually oc-
clude the tubing, or may be expelled into the patient. Also,
the patient may experience discomfort, when breathing
gases are delivered at temperatures widely divergent
from that of the ambient temperature. Excessive conden-
sation also results in inefficient usage of the water in the
humidifying chamber.
[0007] In a hospital environment, where the ambient
temperature of the atmosphere within the hospital envi-
ronment is controlled by air conditioning for example, the
required temperature for the humidified gases supplied
by the apparatus may be controlled within set tempera-
ture parameters that are sufficiently close to the ambient
temperature to prevent condensation within the conduit.
However it is still necessary to have good control over
the temperature and humidity of gases as they are actu-
ally supplied to the patient.
[0008] In the home care environment in which a user
requires to use humidifying apparatus at home, the range
of ambient and gas temperatures may well exceed that
of the hospital environment. In the home care environ-
ment, the user will usually wear a facemask that is con-
nected to end of the conduit and such a humidifier may
be used in the home environment for the treatment of
breathing and sleep apnea disorders and/or in conjunc-
tion with ventilators or CPAP devices. In addition, non-
active humidifiers are commonly employed utilising the
known pass over humidification technique.
[0009] For medical procedures where a patient’s cavity
is inflated for surgery, such as with laparoscopic or en-
doscopic surgery, it is important that gases entering the
cavity are humid and at body temperature so as not to
cause drying of the cavity tissues and to improve the
recovery time of the patient.
[0010] In US Patent No. 5640951 issued to Fisher and
Paykel a heated conduit for a humidified breathing as-
sistance apparatus is disclosed which includes a tem-
perature probe at the end of a heated conduit. By heating
the conduit the problems relating to condensation in the
conduit may be overcome. However in order to imple-
ment closed loop control over the temperature of the sup-
plied gases (and therefore the power input to the conduit
heating element 21), it is necessary to measure the tem-
perature as close to the point at which it is supplied as
possible. The temperature probe and its associated wir-
ing included for this purpose make the attachment to the
facemask or intubated patient bulky and therefore more
uncomfortable for the patient. Also for other medical pro-
cedures the probes and associated wiring also result in
bulky attachments at the operation entry point causing
obstructions to the surgeon or pressure sores around the
point of entry.
[0011] WO01/13981 of Fisher & Paykel Healthcare
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Limited discloses a breathing assistance apparatus
adapted to deliver humidified gases at a desired level of
humidity to a patient, including a humidifier and a heated
conduit. The humidifier includes a controller, which de-
termines a parameter of gas flow rate and then the re-
quired power input to the humidifier to deliver the gases
to the patient at the required patient humidity. In a second
embodiment, a conduit heating element is provided and
the controller determines whether it has been correctly
connected to the control. The heater plate of the humid-
ifier is controlled to a particular temperature (set point)
or the heater plate power is controlled through estimation
or measurement of flow and/or ambient temperature. The
heating element within the conduit is controlled by con-
trolling the power to the heater through measurement or
estimation of flow and ambient temperature. This elimi-
nates the need for probes or external sensors. The blower
or fan of this apparatus is pressure controlled for the pur-
pose of treating CPAP. With this system the humidity of
the gases supplied to the patient is not accurate, partic-
ularly at high flows.

DISCLOSURE OF THE INVENTION

[0012] It is an object of the present invention to provide
a humidification system which goes some way to over-
coming the abovementioned disadvantages or which at
least provides the public or industry with a useful choice.
[0013] Accordingly in a first aspect the invention con-
sists in a humidification system adapted to deliver hu-
midified gases at a desired level of humidity, flow and
temperature to a patient comprising:

(a) gases supply means providing a flow of gases,
(b) humidification means having an electrical input
power and capable of humidifying said gases up to
a level of humidity prior to delivery to said patient,
(c) flow measuring means that determines the flow
of said gases before entry of said gases to said hu-
midification means,
(d) humidity sensing means measuring the humidity
of said gases before entry of said gases to said hu-
midification means,
(e) first temperature sensing means measuring the
temperature of the air external to said humidification
system,
(f) transportation pathway means, having a heating
means, said pathway means conveying said humid-
ified gases from said humidification means to said
patient, and
(g) control means including stored instructions to:

i) determine a transportation pathway heating
means input power based on at least said tem-
perature of said air as measured by said first
temperature sensing means and said flow of
said gases as measured by said flow measuring
means,

ii) determine a humidification means input power
based on at least said flow of said gases as
measured by said flow measuring means and
said humidity of said gases as measured by said
humidity sensing means to achieve said desired
humidity, flow and temperature of said gases,
which are to be supplied to said patient.

In a further aspect the invention consists in a humid-
ification system adapted to deliver humidified gases
at a desired level of humidity, flow and temperature
to a patient comprising:

(a) gases supply means providing a flow of gas-
es,
(b) humidification means having an electrical in-
put power and capable of humidifying said gases
up to a level of humidity prior to delivery to said
patient,
(c) flow measuring means measuring the flow
of said gases before entry of said gases to said
humidification means,
(d) humidity sensing means measuring the hu-
midity of said gases before entry of said gases
to said humidification means,
(e) first temperature sensing means measuring
the temperature of the air external to said hu-
midification system,
(f) second temperature sensing means measur-
ing the temperature of said water heating
means,
(g) transportation pathway means, having a
heating means, said pathway means conveying
said humidified gases from said humidification
means to said patient, and
(h) control means including stored instructions
to:

i) determine a transportation pathway heat-
ing means input power based on at least
said temperature of said air as measured
by said first temperature sensing means
and said flow of said gases as measured by
said flow measuring means,
ii) determine a required temperature of said
water heating means based on at least said
flow of said gases as measured by said flow
measuring means and said humidity of said
gases as measured by said humidity sens-
ing means,
iii) determine the actual temperature of said
water heating means from said second tem-
perature sensing means,
iv) vary input power of said water heating
means to cause said actual temperature to
approach said required temperature to
achieve said desired humidity, flow and
temperature of said gases supplied to said
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patient.

[0014] In still a further aspect the invention consists in
a humidification system adapted to deliver humidified
gases at a desired level of humidity, flow and temperature
to a patient comprising:

(a) gases supply means providing a flow of gases,
(b) humidification means having an electrical input
power and capable of humidifying said gases up to
a level of humidity prior to delivery to said patient
and an inlet receiving said gases from said gases
supply means and outlet to pass said gases to said
patient,
(c) flow measuring means measuring the flow of said
gases before entry of said gases to said humidifica-
tion means,
(d) humidity sensing means measuring the humidity
of said gases before entry of said gases to said hu-
midification means,
(e) first temperature sensing means measuring the
temperature of the air external to said humidification
system,
(f) second temperature sensing means measuring
the temperature of said gases passing out said out-
let,
(g) transportation pathway means, having a heating
means, said pathway means conveying said humid-
ified gases from said humidification means to said
patient, and
(h) control means including stored instructions to:

i) determine a transportation pathway heating
means input power based on at least said tem-
perature of said air as measured by said first
temperature sensing means and said flow of
said gases as measured by said flow measuring
means,
ii) determine a required temperature of said gas-
es passing out said outlet based on at least said
flow of said gases as measured by said flow
measuring means and said humidity of said gas-
es as measured by said humidity sensing
means,
iii) determine the actual temperature of said gas-
es passing out said outlet from said second tem-
perature sensing means,
iv) vary input power of said water heating means
to cause said actual temperature to approach
said required temperature to achieve said de-
sired humidity, flow and temperature of said gas-
es supplied to said patient.

[0015] To those skilled in the art to which the invention
relates, many changes in construction and widely differ-
ing embodiments and applications of the invention will
suggest themselves without departing from the scope of
the invention as defined in the appended claims. The

disclosures and the descriptions herein are purely illus-
trative and are not intended to be in any sense limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] One preferred form of the present invention will
now be described with reference to the accompanying
drawings in which;

Figure 1 is a schematic of the humidifier system of
the present invention,
Figure 2 is detailed block diagram of the humidifica-
tion system of the present invention,
Figure 3 is an illustration of the oxygen port of the
humidification system of the present invention, and
Figure 4 is a perspective view of the humidification
system of the present invention when housed in one
housing.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0017] Whether used in a hospital environment or in a
home care environment, the humidification system of the
present invention will generally have associated with it a
gases supply, such as ambient air, gases from cylinders,
other compressed gas supply or gases from an insuffla-
tor, and a transport conduit from the humidification sys-
tem to the patient, which is preferably heated to reduce
condensation, or "rain out".
[0018] A heating element is preferably provided within
the conduit to help prevent condensation of the humidi-
fied gases within the conduit. Such condensation is due
to the temperature of the walls of the conduit being close
to the ambient temperature, (being the temperature of
the surrounding atmosphere) which is usually lower than
the temperature of the humidified gases within the con-
duit. The heating element effectively replaces the energy
lost from the gases through conduction and convection
during transit through the conduit. Thus the conduit heat-
ing element ensures the gases delivered are at an optimal
temperature and humidity.
[0019] The humidification system of the present inven-
tion may be used for various applications such as lapar-
oscopic, ophthalmic or other surgical procedures, trache-
ostomised patients, and trans-tracheal insufflation. The
humidification system of the present invention may be
used in any treatments requiring or benefiting from the
supply of a humidified gas supply.
[0020] The present invention provides a humidification
system where the flow of gases passes in sequence
through a flow driver (such as, a blower, fan, compressor
or insufflator), humidification chamber and then heated
delivery circuit. This system is contained such that the
measurements made to control the flow, humidity and
temperature of gases are internally sensed, so that there
are no external sensors or electrical leads to components
to hinder the patient or operator. This not only saves the
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cost of the extra sensors but also makes the system sim-
pler and easier to set-up, operate and clean.
[0021] Typical blower humidifier combinations have
been designed for the treatment of OSA and are pres-
sure-controlled devices. They are also typically designed
to be used as stand-alone blowers or in combination with
a simple humidifier. These therefore typically deliver low
levels of humidity i.e. 28 to 32mg/L. The present invention
is intended to deliver body temperature saturated gases
(37°C and 44mg/L for room air) over a range of flows that
would typically be used to provide for a patient’s inspir-
atory flow requirements (that is, peak inspiratory flow).
[0022] The humidification system operates as a pres-
sure limited, flow controlled device, so it adjusts the flow
of gases to the level set by the patient. Therefore, this
system can be used to deliver humidified gas for patients
with bypassed airways, such as tracheotomies or nasal
cannula or masks or for other systems that require high
flow gases. This has the potential to benefit many patients
in both the home and hospital environments.
[0023] The humidification system of the present inven-
tion provides a much more accurate control of the deliv-
ered gas condition through estimation or measurement
of any combination of flow, humidity, temperature and
pressure, prior to the humidification chamber, and by use
of the sensed ambient temperature. A subsequent cal-
culation of the required heating element power, heater
plate temperature set point and/or heater plate power
can then be made to achieve optimal humidity, temper-
ature and flow. Clinical data exists to suggest that gases
at 37°C and containing 44mg of water vapour per litre at
approximately atmospheric pressure are "optimal" for pa-
tient health.
[0024] The invention consists in a humidification sys-
tem adapted to deliver humidified gases at a desired level
of humidity, flow and temperature to a patient.
[0025] Referring to Figure 1, the flow of gases through
the humidification system 1 passes from the air within a
room, through the inlet 2 (that may also include a filter or
the like) into the internal fan unit 3 (blower or the like)
then may be mixed with an additional pressurised gas
supply 8 at junction 9 and then flow into humidification
chamber 4 via an inlet port 10. In the preferred form of
the humidification system the additional gas supply is
mixed with the gases from the fan, but in other forms of
the present invention no additional gas supply is provid-
ed.
[0026] Beneath the humidification chamber is a heater
plate 5, which heats water held within the chamber 4.
The gases exit the chamber 4 and pass out from the
humidification system 1 to a heated delivery circuit 6 and
to a patient (not shown). A controller (not shown) con-
nects and controls all the components mentioned above
and will be described in more detail below.
[0027] Referring to Figures 1 and 4, in the preferred
embodiment the fan unit 3 and humidifier, including
chamber 4 and heater plate 5, and various controllers of
these, are housed in one housing 13 and sensors, which

are used to monitor various internal parameters of the
fan, humidifier and gases, are internal within the housing
13, except for the external gas ambient air temperature
sensor (Tamb) 12 that extends out slightly from the hous-
ing 13 so as to enable sensing of the ambient air sur-
rounding the gases inlet 2.
[0028] In the preferred embodiment the humidification
chamber extends out from the housing as shown in Fig-
ure 4, and is capable in use of being removed and re-
placed by the patient or other user. Also, the inlet port 10
to the humidification chamber 4 is internal within the
housing 13. The inlet 2 to the housing 13 where gases
are drawn from the ambient air outside the housing 13
is located at the end of the housing 13, but in actuality
may be located at any appropriate point in the housing
13. It must be appreciated that the embodiment de-
scribed above in relation to the housing and Figure 4
merely illustrate one form of the housing of the humidifi-
cation system of the present invention.
[0029] In the preferred form of the present invention
the fan 3 or flow source used within the humidification
system is an electrically powered fan. Furthermore, it is
preferred that the humidification chamber 4 sits atop an
electrically powered heater plate 5 and an electrically
powered heating element resides within the delivery cir-
cuit 6. These embodiments have been used for explana-
tion purposes only. Any other suitable embodiment could
have the same control scheme applied to it; for example,
the fan could be replaced by a compressor, the chamber
by a heated aerosol generator and the heater by a warm
water jacket.
[0030] In the embodiment of the present invention as
shown in Figures 1 to 4, an orifice plate 7 is used as the
flow sensor and pressure sensor. The orifice plate allows
for the measuring of the pressure of the gases after the
gases leave the fan. From these measurements the ve-
locity (flow) of the gases can be calculated. However, it
must be appreciated in other forms of the present inven-
tion, other flow sensing devices such as a venturi or
hotwire anemometer could be used. Furthermore, in oth-
er embodiments the flow sensor and pressure sensors
taking measurements after the fan may actually be sep-
arate sensors.

Controlling the Flow of Gases

[0031] Referring again to Figure 1, a portion or all of
the total flow of gases through the humidification system
1 passes from the surrounding air within a room through
the inlet 2 (that may also include a filter or the like) into
the internal fan unit 3. Preferably the internal fan unit 3
is an electric fan, which blows external surrounding air
through the humidification system. A portion of the total
flow may be supplied from an additional pressurised gas
supply 8, which mixes with the air at junction 9. Preferably
the pressurised gas is oxygen, such that the air-oxygen
mix delivered to the patient is rich in oxygen. Preferably
the user is able to alter the concentration of oxygen.
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[0032] Referring to Figures 1 and 2, in the preferred
embodiment the flow of gases through the humidification
system 1 is measured by sensing the pressure on both
sides of an orifice plate 7 situated as shown in Figure 1
after the fan 3 outlet and orifice plate 7. The pressure on
the fan 3 side of the orifice 7 is denoted Pf and the pres-
sure on the down stream side is denoted Pin. This method
of flow sensing is well known in the art and the orifice
plate can be calibrated to give an accurate flow meas-
urement, termed measured flow. The fan speed Vfan is
then varied (by varying the power into the fan or the cur-
rent to the fan Ifan) so that the measured flow of gases
approaches the set flow as selected by the user.

Flow Sensor Checking

[0033] Correct operation of the flow sensor (orifice
plate 7) can be monitored and checked by using less
accurate flow estimation methods to find the operating
flow range, if the flow sensor is outside of this range then
the sensor is found to have failed. This improves safety
and allows the device to be tolerant of some faults. The
humidification system may be able to continue to operate
or may cause an alarm to be signalled and the device to
switch to a safe mode. The flow estimation method em-
ployed may be as described in WO 01/13981 of Fisher
& Paykel Limited, the contents of which are herein incor-
porated, where the flow is estimated from the fan speed
and the loading on the fan, or the flow can be estimated
from the relationship between the sensed temperature
of the heater plate and the power drawn by the heater
plate.

Controlling the level of Humidity of Gases - Heater 
Plate Control

[0034] Referring to Figures 1 and 2, the flow of gases
through the humidification system 1 continues from the
flow sensor 7, down a short conduit, past the temperature
sensor and humidity sensor 16 into the humidifier cham-
ber 4. The water within the humidification chamber 4 is
in thermal contact with heater plate 5. The heating of the
water directly affects the humidity output of the humidifi-
cation chamber 4. Thus as the flow of gases pass out of
the humidification chamber 4 exiting out the outlet port
11 the humidity level contained in the gases is affected
by the electrical power input into the heating element (not
shown) of the heater plate 5. Conversely, the humidity
level contained within the gases is affected by the tem-
perature of the water in the humidification chamber 4, or,
as a result of, the temperature of the heater plate 5.
[0035] The humidity and flow of gases required to be
delivered by the system to the patient is selected by the
user, and thus the energy required to be delivered by the
humidification means is known, as will be described be-
low. The energy of the gases entering said humidification
chamber 4 is also known from sensing flow, humidity and
temperature by respectively using a flow sensor 14

(shown in Figure 1 as the orifice plate 7), humidity sensor
16 and temperature sensor 15 before the humidification
chamber 4. The basis of the humidity control employed
in this invention is conservation of energy. The energy
entering into and energy exiting from the humidification
chamber 4 is known, therefore using conservation of en-
ergy principles the energy required to be added by the
heater plate to ensure the required energy exits the hu-
midification chamber 4 can be calculated.
[0036] In the preferred form of the humidification sys-
tem the humidification chamber has a water autofeed
mechanism that ensures the volume of water within the
humidification chamber remains constant at all times.
Furthermore, this autofeed mechanism ensures that the
heat capacity of the water remains constant, which fur-
ther simplifies the complexity of control required of the
humidifier. An humidification chamber with autofeed ca-
pabilities that is suitable for this application is described
in US5445143 of Fisher & Paykel Limited, the entire con-
tents of which is incorporated herein. In this autofeed
chamber the water level within the large volumes of cold
water over a short period of time. This greatly affects the
humidity output of the chamber.
[0037] The humidifier is in a very steady state with a
constant flow of gases and small amounts of water stead-
ily being added to a chamber with low thermal inertia.
This steady state allows application of the steady flow
energy equation. The amount of electrical power required
to be supplied to the heater plate can be calculated as
below. 

Where, Qout is constant as specified by the user and Qin
is the enthalpy of the incoming gas stream, which is de-
pendent upon the temperature and humidity of the in-
coming gas stream. Therefore, 

Where:

Qhp = Heater plate power,
Qout = Energy of gas passing out of chamber,
Qin = Energy of gas passing into chamber,
Habsolure = Absolute Humidity at inlet of humidifica-
tion chamber,
Tin = Gas temperature at inlet of humidification cham-
ber,
A, B, C, D, E & F = Constants found experimentally
for a specific flow and output humidity level, and
Thp = Heater plate temperature

Alternatively the heater plate set point temperature can
be calculated using: 
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In this equation the constants take account of the thermal
resistances within this specific system and are found ex-
perimentally.
[0038] The user selects the desired flow and humidity
options to be delivered, for example 40L/min & 44mg/L,
the heater plate controller 17 uses the constants known
for this combination of options (i.e. D = 96.37, E = -0.79,
F = -0.22) and measures the temperature and humidity
level of the gases coming into the humidification means
(for example Tin= 35°C, Habsoute= 8.75mg/L) then the
heater plate temperature set point is calculated as below. 

 Thp = Heater plate temperature
Alternatively the heater plate set point temperature can
be calculated using: 

In this equation the constants take account of the thermal
resistances within this specific system and are found ex-
perimentally.
[0039] The user selects the desired flow and humidity
options to be delivered, for example 40L/min & 44mg/L,
the heater plate controller 17 uses the constants known
for this combination of options (i.e. D = 96.37, E = -0.79,
F = -0.22) and measures the temperature and humidity
level of the gases coming into the humidification means
(for example Tin= 35°C, Habsolute= 8.75mg/L) then the
heater plate temperature set point is calculated as below. 

When there are gases at 35°C containing 8.75mg/L of
water vapour, and these gases are flowing into the hu-
midification chamber at 40L/min, the heater plate tem-
perature set point is calculated to be 82°C. When the
sensed heater plate temperature approaches its set point
the humidity output from the chamber approaches
44mg/L.
[0040] It will be appreciated that a further embodiment

of the invention could incorporate a sensor on the outlet
of the humidification means to allow closed loop control
as is known in the art. The novel concepts of the present
invention could be incorporated to such a system to allow
advances in the therapy. Many current humidifiers use
temperature sensors or the like on the outlet, make an
assumption that gases are close to saturated, and then
control to a dry-bulb temperature set point. The assump-
tion of saturation is incorrect for some inlet conditions,
for example high inlet temperature or humidity, and this
can cause the delivered absolute humidity to deviate
widely from the desired or optimal level. This further em-
bodiment of the present invention would operate under
the common closed loop control method with the addition
of a humidity sensor at the inlet of the humidification
means. The information provided by such a sensor would
allow an estimate of the correct dry-bulb temperature set
point necessary to achieve the desired level of absolute
humidity. Calculation of this set point would be similar in
method and principle to the calculation described above.
This humidification system of this embodiment would be
considerably more reliable in its delivery of saturated gas-
es than currently available humidifiers.
[0041] In particular, Figure 1 shows such an additional
temperature sensor 23 that may be provided at the outlet
11 to the humidifier chamber 4 to determine the temper-
ature of the gases leaving the humidification chamber.
The sensor Tout 23 would preferably be provided within
the outlet or humidifier housing, so that no external wiring
leads to the sensor 23. This sensor 23 could be used in
much the same manner as is described above to control
humidity output. In fact, either the measurement of the
heater plate temperature or temperature of the gases
leaving the chamber could be used to control humidity
output. In this case, the other of the two that is not being
used to control humidity output could be used as a safety
check which would switch the humidification system off
if a temperature higher than a threshold was sensed.

Controlling Humidity and Temperature of Gases - 
Heated Delivery Circuit Control

[0042] As shown in Figures 1 and 2, the flow of gases
exit the chamber 4 and pass out from the humidification
system 1 to a heated delivery circuit 6 and to a patient
22. The heated delivery circuit 6 is a plastics conduit hav-
ing a heated wire 21 extending through it, for example,
such as that disclosed in any one of NZ516387,
NZ514314 and NZ521017, all of Fisher & Paykel Health-
care Limited. The delivery conduit has wires extruded
within the tubing walls. The conduit is extruded from an
appropriate plastics material, such as a flexible polymer.
The conduit has ridges or ribs extending from the surface
of the conduit wall. Each rib extends towards the centre
of the conduit and has a heating element, usually a wire
that is embedded along the conduit’s length. The heater
wires may be made from copper, copper alloy or other
appropriate electricity conducting material, such as a

11 12 



EP 1 542 756 B1

8

5

10

15

20

25

30

35

40

45

50

55

PTC heater. The heater wire is embedded within the ribs
of the conduit by co-extrusion at the time the polymer
conduit is extruded.
[0043] The heated delivery circuit 6 controls the tem-
perature of the gases received by the patient 22. Both
the temperature of the gases delivered to the patient, and
the temperature of the gases at any point within the con-
duit are controlled. In order to transport the humidified
gases produced from the humidification chamber the
gases must be kept above the dew point temperature at
any point within the delivery circuit in order to be able to
transport all of the water vapour and avoid condensate.
Referring to Figure 2, the conduit heater controller 18
calculates the power required to be used to heat the de-
livery conduit 6 for a specific humidity setting and flow
setting based off the ambient temperature Tamb of the
room. This ambient temperature is measured by the tem-
perature sensor 12 (see Figure 1) at the fan inlet 2 and
enables the gauging of the amount of heat loss from the
delivery conduit 6 to the surrounding ambient conditions.
The relationship between said ambient temperature and
the power used to heat the delivery conduit 6 in order to
achieve the desired temperature at the patient is found
experimentally.

Oxygen Mixing

[0044] Referring to Figure 3, the humidification system
of the present invention in the preferred form incorporates
an external port for the mixing of additional gases, pref-
erably oxygen, into the gases flow. The port 40 is con-
nected to a pressurised oxygen source and thereby caus-
es oxygen to be added to the gases flow through the
humidification system at a point before the humidifier,
but after the fan 3.
[0045] It is usual to use a blender to mix the air and
oxygen, however this requires both a compressed oxy-
gen and air supply which is commonly not available, a
blender is also expensive and thus adds a large additional
cost. The other common method of mixing air and oxygen
is an air entrainer. An air entrainer operates by using a
high velocity jet of oxygen to shear past surrounding room
air, which draws in some of this surrounding air and cre-
ates a mixed flow of gases down stream. The main dis-
advantage of an air entrainer is that if the downstream
conduit has a large resistance to flow then the air entrain-
er is unable to generate a driving pressure to overcome
this, and thus can’t generate a flow. As the preferred em-
bodiment of the present invention includes a long flexible
conduit to deliver the gases to the patient, an air entrainer
will not function in this circumstance.
[0046] In the preferred embodiment of the humidifica-
tion system to measure the oxygen concentration of the
gases flowing through the system either an oximeter (not
shown) is provided in the mixed gas stream in a similar
location to that of 42 or three flow meters 41, 42, 43, one
each on the inward flowing oxygen stream 41, gases flow
from the fan 43 and mixed gases flow 42 are provided.

Any one of these three sensors are redundant for safety,
the total flow and oxygen concentration can be calculated
from any two of these sensors and should any one of
these sensors fail these quantities are still known. As
oxygen can be toxic in high concentrations it is important
that this measurement is correct. It is displayed on the
unit and clinical decisions may be made from this infor-
mation. In order to allow for flexibility of the volume in-
putted into the gases flow, at the oxygen port 40 a needle
valve 44 with a flow control knob is provided. This allows
a user to alter the volume of the oxygen flow into the
humidification system and ultimately the concentration
of oxygen inspired by the patient.

Overheating Detection

[0047] The humidification system of the present inven-
tion includes within the conduit heater plate controller 18
a delivery conduit overheating detection system, such as
that disclosed in NZ516387 of Fisher & Paykel Health-
care Limited. Such a detection system for the heating
element includes a method of detecting conduit overheat-
ing where, when the conduit is hot the current drawn by
the heating element within the conduit exceeds a prede-
termined limit. The detection system ensures that the hu-
midifier and conduit can be switched to a safe mode then
back to an operating mode once the temperature of the
heating element within the conduit has reduced to safe
levels. The device comprises a sensor to detect the cur-
rent in the heating element and controller that implements
an algorithm to reduce the current in the heating element
to a safe current region. If the conduit comprises two
limbs the sensor detects the currents in each of the limbs
determines the difference between these currents and if
the difference approaches a predetermined limit then the
power to each of the heating elements is reduced.

Electro Pneumatic Connector

[0048] In the preferred form of the humidification sys-
tem of the present invention the delivery conduit 6 is con-
nected to the output port 11 by way of an electro pneu-
matic connector, such as that described in NZ519374 of
Fisher & Paykel Healthcare Limited. In particular a con-
nector of this type is utilised where the conduit has a
heating element or electrical wire extending within,
throughout and about it. The conduit is connected to the
humidification chamber via a connector that provides
both an electrical 19 and a pneumatic 20 coupling. In
Figure 4, only the chamber 4 side of a single port electro
pneumatic connector is shown. In this form the single
port connector is generally tubular and has a male and
female portion where the pneumatic coupling is by a
threaded, sliding collar or bayonet type connection that
has an integral electrical port that provides power to the
wire in the conduit.
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Claims

1. A humidification system adapted to deliver humidi-
fied gases at a desired level of humidity, flow and
temperature to a patient comprising:

(a) gases supply means providing a flow of gas-
es,
(b) humidification means having an electrical in-
put power and capable of humidifying said gases
up to a level of humidity prior to delivery to said
patient,
(c) flow measuring means that determines the
flow of said gases before entry of said gases to
said humidification means,
(d) humidity sensing means measuring the hu-
midity of said gases before entry of said gases
to said humidification means,
(e) first temperature sensing means measuring
the temperature of the air external to said hu-
midification system,
(f) transportation pathway means, having a
heating means, said pathway means conveying
said humidified gases from said humidification
means to said patient, and
(g) control means including stored instructions
to:

i) determine a transportation pathway heat-
ing means input power based on at least
said temperature of said air as measured
by said first temperature sensing means
and said flow of said gases as measured by
said flow measuring means,
ii) determine a humidification means input
power based on at least said flow of said
gases as measured by said flow measuring
means and said humidity of said gases as
measured by said humidity sensing means
to achieve said desired humidity, flow and
temperature of said gases, which are to be
supplied to said patient.

2. A humidification system according to claim 1 wherein
said humidification means comprises a humidifica-
tion chamber adapted to receive a volume of water
and water heating means to heat said water, said
gases passing through said humidification chamber,
through a gases inlet and out a gases outlet, and
evaporating said water, said gases thereby being
humidified.

3. A humidification system according to claim 1 or 2
wherein said humidification system further includes
a second temperature sensing means measuring the
temperature of said water heating means.

4. A humidification system according to claim 2 wherein

said control means includes stored instructions to:

i) determine a transportation pathway heating
means input power based on at least said tem-
perature of said air as measured by said first
temperature sensing means and said flow of
said gases as measured by said flow measuring
means,
ii) determine a required temperature of said wa-
ter heating means based on at least said flow of
said gases as measured by said flow measuring
means and said humidity of said gases as meas-
ured by said humidity sensing means,
iii) determine the actual temperature of said wa-
ter heating means from said second tempera-
ture sensing means,
iv) vary input power of said water heating means
to cause said actual temperature to approach
said required temperature to achieve said de-
sired humidity, flow and temperature of said gas-
es supplied to said patient.

5. A humidification system according to claim 4 wherein
said humidification system further includes a third
temperature sensing means measuring the temper-
ature of the gases before entry of said gases to said
humidification means.

6. A humidification system according to claim 4 or 5
wherein said control means further includes instruc-
tions to determine said humidification means input
power based on said flow of said gases as measured
by said flow measuring means, said humidity of said
gases as measured by said humidity sensing means,
and said temperature of said gases as measured by
said third temperature sensing means.

7. A humidification system according to any one of
claims 4 to 6 wherein said humidification system in-
cludes pressure sensing means measuring the pres-
sure of said gases before entry of said gases to said
humidification means.

8. A humidification system according to any one of
claims 4 to 7 wherein said control means further in-
cludes instructions to determine said humidification
means input power based on said flow of said gases
as measured by said flow measuring means, said
humidity of said gases as measured by said humidity
sensing means, said temperature of said gases as
measured by said third temperature sensing means
and said pressure of said gases as measured by
said pressure sensing means.

9. A humidification system according to any one of
claims 4 to 8 wherein said humidification system in-
cludes an additional gases input port and at least
one oxygen sensing means located in said flow of
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gases to measure said gases oxygen concentration.

10. A humidification system according to claim 9 wherein
said additional gases input port allows for the addi-
tion of oxygen to said flow of gases through said
humidification system.

11. A humidification system according to any of claims
9 or 10 wherein said control means further includes
instructions to determine said humidification means
input power based on said flow of said gases as
measured by said flow measuring means, said hu-
midity of said gases as measured by said humidity
sensing means, said temperature of said gases as
measured by said third temperature sensing means
and said oxygen concentration of said gases as
measured by said oxygen sensing means.

12. A humidification system according to any one of
claims 1 or 7 to 11 wherein said gases supply means,
said humidification means, said flow measuring
means, said humidity sensing means, said first and
second temperature sensing means, said pressure
sensing means and said control means are housed
in one housing so that there are no external sensors
and wiring extending from or on said humidification
system to hinder said patient or other user of said
humidification system.

13. A humidification system according to claim 12
wherein said housing has an external inlet for gases
into said gases supply means and an outlet for said
humidified gases, where said outlet is from said hu-
midification chamber which is connected to said
transportation pathway means by way of a connector
that provides both an electrical and pneumatic con-
nection between said humidification chamber and
said transportation pathway.

14. A humidification system according to any one of
claims 4 to 13 wherein said humidification system
includes transportation pathway means overheating
detection for said heating means comprising:

detecting means which include means to detect
a current in said heating means, and
detection control means which stores a program
which causes the control means to:

i) receive input of said current in said heating
means from said detecting means, and
ii) if said current is below a safe current val-
ue, then reduce the power to said heating
element from a operating current value to
at least said safe current value, else return
to i),
iii) increase the power to said heating ele-
ment after a predetermined time to said op-

erating current value.

15. A humidification system according to claim 14
wherein said transportation pathway means is an ex-
truded plastic tube, and said heating means is at
least two conductive wires embedded within the wall
of said tube to be partially or wholly contained within
said wall.

16. A humidification system according to claim 15
wherein the cross sectional profile of said extruded
plastic tube is such that total collapse or total occlu-
sion is not possible during bending

17. A humidification system according to claim 15 or 16
wherein said extruded plastic tube includes two or
more co-extruded layers of differing plastic materials
with varying properties.

18. A humidification system according to any one of
claims 4 to 17 wherein said heating means is a pos-
itive temperature co-efficient heating element, for ex-
ample in a wire or tape form.

19. A humidification according to any of claims 4 to 18
wherein said humidification means includes a float
valve system for controlling the level of liquid in a
chamber comprising:

a valve body having an inlet for coupling to a
liquid supply conduit and an outlet adapted to
communicate with said chamber,
a first valve seat formed in said body through
which liquid must pass to reach said outlet,
a second valve seat formed in said body located
downstream of said first valve seat, through
which liquid must pass to reach said outlet,
first and second floats adapted to be disposed
within said chamber,
a first valve member actuated by said first float
so as to close onto said first valve seat upon the
first float assuming a position corresponding to
a first predetermined level of liquid in said cham-
ber,
a second valve member actuated by said sec-
ond float so as to close onto said second valve
seat upon the second float assuming a position
corresponding to a second predetermined level
of liquid in said chamber, said second predeter-
mined level of liquid being higher than said first
predetermined level of liquid,
a cylindrical actuating member connected to
said second valve member in order to control
displacement of said second valve member in
response to said second float,
an inner actuating member connected to said
first valve member in order to control displace-
ment of said first valve member in response to
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said first float, said inner actuating member be-
ing disposed within said cylindrical actuating
member,
said cylindrical actuating member and said inner
actuating member independently connecting
said first and second floats to respective valve
members, and operable to allow free relative
movement between said first and second valve
members.

20. A humidification system according to any one of
claims 4 to 19 wherein said gases supply means is
a fan driven by a variable speed electric motor.

21. A humidification system according to claim 1 wherein
said system further comprises:

second temperature sensing means measuring
the temperature of said gases passing out said
outlet and said control means includes stored
instructions to:

i) determine a transportation pathway heat-
ing means input power based on at least
said temperature of said air as measured
by said first temperature sensing means
and said flow of said gases as measured by
said flow measuring means,
ii) determine a required temperature of said
gases passing out said outlet based on at
least said flow of said gases as measured
by said flow measuring means and said hu-
midity of said gases as measured by said
humidity sensing means,
iii) determine the actual temperature of said
gases passing out said outlet from said sec-
ond temperature sensing means,
iv) vary input power of said water heating
means to cause said actual temperature to
approach said required temperature to
achieve said desired humidity, flow and
temperature of said gases supplied to said
patient.

22. A humidification system according to claim 21
wherein said gases supply means, said humidifica-
tion means, said flow measuring means, said humid-
ity sensing means, said first and second temperature
sensing means, and said control means are housed
in one housing so that there are no external sensors
and wiring extending from or on said humidification
system to hinder said patient or other user of said
humidification system.

Patentansprüche

1. Befeuchtungssystem, das dafür ausgelegt ist, einem

Patienten befeuchtete Gase auf einem gewünschten
Feuchte-, Strömungs- und Temperaturniveau zuzu-
führen, umfassend:

(a) Gasversorgungsmittel, das eine Strömung
von Gasen bereitstellt,
(b) Befeuchtungsmittel, das eine elektrische
Eingangsleistung aufweist und fähig ist, besagte
Gase bis zu einem Feuchteniveau vor Zufüh-
rung an besagten Patienten zu befeuchten,
(c) Strömungsmessmittel, das die Strömung von
besagten Gasen vor Eintritt von besagten Ga-
sen in besagtes Befeuchtungsmittel bestimmt,
(d) Feuchteerfassungsmittel, das die Feuchte
von besagten Gasen vor Eintritt von besagten
Gasen in besagtes Befeuchtungsmittel misst,
(e) erstes Temperaturerfassungsmittel, dass
die Temperatur der Luft außerhalb von besag-
tem Befeuchtungssystem misst,
(f) Transportwegmittel aufweisend ein Heizmit-
tel, wobei besagtes Wegmittel besagte befeuch-
tete Gase von besagtem Befeuchtungsmittel zu
besagtem Patienten fördert, und
(g) Steuermittel einschließlich gespeicherter
Anweisungen zum:

i) Bestimmen einer Transportweg-Heizmit-
teleingangsleistung basierend auf mindes-
tens besagter Temperatur von besagter
Luft gemäß Messung durch besagtes ers-
tes Temperaturerfassungsmittel und be-
sagter Strömung von besagten Gasen ge-
mäß Messung durch besagtes Strömungs-
messmittel,
ii) Bestimmen einer Befeuchtungsmittelein-
gangsleistung basierend auf mindestens
besagter Strömung von besagten Gasen
gemäß Messung durch besagtes Strö-
mungsmessmittel und besagter Feuchte
von besagten Gasen gemäß Messung
durch besagtes Feuchteerfassungsmittel,
um besagte gewünschte Feuchte, Strö-
mung und Temperatur von besagten Ga-
sen, die an besagten Patienten zu liefern
sind, zu erreichen.

2. Befeuchtungssystem nach Anspruch 1, worin be-
sagtes Befeuchtungsmittel eine Befeuchtungskam-
mer umfasst, die dafür ausgelegt ist, ein Volumen
von Wasser und Wasserheizmittel zum Heizen des
besagten Wassers entgegenzunehmen, wobei be-
sagte Gase durch besagte Befeuchtungskammer,
durch einen Gaseinlass und aus einem Gasauslass
heraus gelangen und besagtes Wasser evaporiert
wird, wodurch besagte Gase befeuchtet werden.

3. Befeuchtungssystem nach Anspruch 1 oder 2, worin
besagtes Befeuchtungssystem ferner ein zweites
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Temperaturerfassungsmittel beinhaltet, das die
Temperatur von besagtem Wasserheizmittel misst.

4. Befeuchtungssystem nach Anspruch 2, worin be-
sagtes Steuermittel gespeicherte Anweisungen be-
inhaltet zum:

i) Bestimmen einer Transportweg-Heizmitte-
leingangsleistung basierend auf mindestens be-
sagter Temperatur von besagter Luft gemäß
Messung durch besagtes erstes Temperaturer-
fassungsmittel und besagter Strömung von be-
sagten Gasen gemäß Messung durch besagtes
Strömungsmessmittel,
ii) Bestimmen einer erforderlichen Temperatur
von besagtem Wasserheizmittel basierend auf
mindestens besagter Strömung von besagten
Gasen gemäß Messung durch besagtes Strö-
mungsmessmittel und besagter Feuchte von
besagten Gasen gemäß Messung durch besag-
tes Feuchteerfassungsmittel,
iii) Bestimmen der Isttemperatur von besagtem
Wasserheizmittel aus besagtem zweitem Tem-
peraturerfassungsmittel,
iv) Variieren der Eingangsleistung von besag-
tem Wasserheizmittel um zu bewirken, dass be-
sagte Isttemperatur sich besagter erforderlicher
Temperatur nähert, um besagte gewünschte
Feuchte, Strömung und Temperatur von besag-
ten, an besagten Patienten gelieferten Gasen
zu erreichen.

5. Befeuchtungssystem nach Anspruch 4, worin be-
sagtes Befeuchtungssystem ferner ein drittes Tem-
peraturerfassungsmittel beinhaltet, dass die Tempe-
ratur der Gase vor Eintritt von besagten Gasen in
besagtes Befeuchtungsmittel misst.

6. Befeuchtungssystem nach Anspruch 4 oder 5, worin
besagtes Steuermittel ferner Anweisungen zum Be-
stimmen von besagter Befeuchtungsmittelein-
gangsleistung basierend auf besagter Strömung von
besagten Gasen gemäß Messung durch besagtes
Strömungsmessmittel, besagter Feuchte von be-
sagten Gasen gemäß Messung durch besagtes
Feuchteerfassungsmittel und besagter Temperatur
von besagten Gasen gemäß Messung durch besag-
tes drittes Temperaturerfassungsmittel beinhaltet.

7. Befeuchtungssystem nach irgendeinem der Ansprü-
che 4 bis 6, worin besagtes Befeuchtungssystem ein
Druckerfassungsmittel beinhaltet, das den Druck
von besagten Gasen vor Eintritt von besagten Gasen
in besagtes Befeuchtungsmittel misst.

8. Befeuchtungssystem nach irgendeinem der Ansprü-
che 4 bis 7, worin besagtes Steuermittel ferner An-
weisungen zum Bestimmen von besagter Befeuch-

tungsmitteleingangsleistung basierend auf besagter
Strömung von besagten Gasen gemäß Messung
durch besagtes Strömungsmessmittel, besagter
Feuchte von besagten Gasen gemäß Messung
durch besagtes Feuchteerfassungsmittel, besagter
Temperatur von besagten Gasen gemäß Messung
durch besagtes drittes Temperaturerfassungsmittel
und besagtem Druck von besagten Gasen gemäß
Messung durch besagtes Druckerfassungsmittel be-
inhaltet.

9. Befeuchtungssystem nach irgendeinem der Ansprü-
che 4 bis 8, worin besagtes Befeuchtungssystem ei-
nen zusätzlichen Gaseingangsanschluss und min-
destens ein Sauerstofferfassungsmittel, das sich in
besagter Strömung von Gasen befindet, zum Mes-
sen der Sauerstoffkonzentration besagter Gase be-
inhaltet.

10. Befeuchtungssystem nach Anspruch 9, worin be-
sagter zusätzlicher Gaseingangsanschluss die Zu-
gabe von Sauerstoff zu besagter Strömung von Ga-
sen durch besagtes Befeuchtungssystem vorsieht.

11. Befeuchtungssystem nach irgendeinem der Ansprü-
che 9 oder 10, worin besagtes Steuermittel ferner
Anweisungen zum Bestimmen von besagter
Befeuchtungsmitteleingangsleistung basierend auf
besagter Strömung von besagten Gasen gemäß
Messung durch besagtes Strömungsmessmittel, be-
sagter Feuchte von besagten Gasen gemäß Mes-
sung durch besagtes Feuchteerfassungsmittel, be-
sagter Temperatur von besagten Gasen gemäß
Messung durch besagtes drittes Temperaturerfas-
sungsmittel und besagter Sauerstoffkonzentration
von besagten Gasen gemäß Messung durch besag-
tes Sauerstofferfassungsmittel beinhaltet.

12. Befeuchtungssystem nach irgendeinem der Ansprü-
che 1 oder 7 bis 11, worin besagtes Gasversor-
gungsmittel, besagtes Befeuchtungsmittel, besag-
tes Strömungsmessmittel, besagtes Feuchteerfas-
sungsmittel, besagte erste und zweite Temperatur-
erfassungsmittel, besagtes Druckerfassungsmittel
und besagtes Steuermittel in einem Gehäuse unter-
gebracht sind, sodass es keine externen Sensoren
und Kabel mit Erstreckung aus oder auf besagtem
Befeuchtungssystem gibt, die besagten Patienten
oder sonstigen Benutzer des besagtes Befeuch-
tungssystems behindern.

13. Befeuchtungssystem nach Anspruch 12, worin be-
sagtes Gehäuse einen externen Einlass für Gase in
besagtes Gasversorgungsmittel und einen Auslass
für besagte befeuchtete Gase aufweist, wobei be-
sagter Auslass aus besagter Befeuchtungskammer
erfolgt, die mit besagtem Transportwegmittel über
einen Verbinder verbunden ist, der sowohl einen
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elektrischen als auch pneumatischen Anschluss
zwischen besagter Befeuchtungskammer und be-
sagtem Transportweg bereitstellt.

14. Befeuchtungssystem nach irgendeinem der Ansprü-
che 4 bis 13, worin besagtes Befeuchtungssystem
eine Transportwegmittel-Überhitzungsdetektion für
besagtes Heizmittel beinhaltet, umfassend:

Detektionsmittel, die Mittel zum Detektieren ei-
nes Stroms in besagtem Heizmittel beinhalten,
und ein Detektionssteuermittel, das ein Pro-
gramm speichert, das bewirkt, dass das Steu-
ermittel:

i) Input von besagtem Strom in besagtem
Heizmittel aus besagtem Detektionsmittel
erhält, und
ii) wenn besagter Strom unterhalb eines si-
cheren Stromwertes ist, anschließend die
Leistung zu besagtem Heizelement von ei-
nem Betriebsstromwert auf mindestens be-
sagten sicheren Stromwert verringert, an-
derenfalls zu i) zurückkehrt,
iii) die Leistung zu besagtem Heizelement
nach einer vorbestimmten Zeit auf besag-
ten Betriebsstromwert erhöht.

15. Befeuchtungssystem nach Anspruch 14, worin be-
sagtes Transportwegmittel ein extrudiertes Kunst-
stoffrohr ist und besagtes Heizmittel mindestens
zwei leitfähige Drähte ist, die innerhalb der Wand
der besagten Röhre eingebettet sind, um teilweise
oder ganz innerhalb besagter Wand enthalten zu
sein.

16. Befeuchtungssystem nach Anspruch 15, worin das
Querschnittsprofil des besagten extrudierten Kunst-
stoffrohrs derart ist, dass völliger Zusammenbruch
oder völlige Okklusion während des Biegens nicht
möglich ist.

17. Befeuchtungssystem nach Anspruch 15 oder 16,
worin besagtes extrudiertes Kunststoffrohr zwei
oder mehr co-extrudierte Schichten von verschiede-
nen Kunststoffmaterialien mit unterschiedlichen Ei-
genschaften beinhaltet.

18. Befeuchtungssystem nach irgendeinem der Ansprü-
che 4 bis 17, worin besagtes Heizmittel ein Heizele-
ment mit positivem Temperaturkoeffizienten ist, bei-
spielsweise in Draht- oder Bandform.

19. Befeuchtungssystem nach irgendeinem der Ansprü-
che 4 bis 18, worin besagtes Befeuchtungsmittel ein
Schwimmerventilsystem zum Steuern des Flüssig-
keitsstands in einer Kammer beinhaltet, umfassend:

einen Ventilkörper aufweisend einen Einlass
zum Anschluss an eine Flüssigkeitsversor-
gungsleitung und einen Auslass, der für die Ver-
bindung mit besagter Kammer ausgelegt ist,
einen in besagtem Körper gebildeten ersten
Ventilsitz, durch den Flüssigkeit gelangen muss,
um besagten Auslass zu erreichen,
einen in besagtem Körper gebildeten zweiten
Ventilsitz, der besagtem erstem Ventilsitz nach-
geschaltet befindlich ist, durch den Flüssigkeit
gelangen muss, um besagten Auslass zu errei-
chen,
erste und zweite Schwimmer, die dafür ausge-
legt sind, innerhalb von besagter Kammer an-
geordnet zu sein, wobei ein erstes Ventilele-
ment durch besagten ersten Schwimmer betä-
tigt wird, um sich auf besagtem erstem Ventilsitz
zu schließen, wenn der erste Schwimmer eine
Position entsprechend einem ersten vorbe-
stimmten Flüssigkeitsstand in besagter Kam-
mer einnimmt,
ein zweites Ventilelement, das von besagtem
zweitem Schwimmer betätigt wird, um sich auf
besagtem zweitem Ventilsitz zu schließen,
wenn der zweite Schwimmer eine Position ent-
sprechend einem zweiten vorbestimmten Flüs-
sigkeitsstand in besagter Kammer einnimmt,
wobei besagter zweiter vorbestimmter Flüssig-
keitsstand höher als besagter erster vorbe-
stimmter Flüssigkeitsstand ist,
ein zylindrisches Betätigungselement, das mit
besagtem zweitem Ventilelement verbunden
ist, um Verdrängung von besagtem zweitem
Ventilelement als Reaktion auf besagten zwei-
ten Schwimmer zu steuern,
ein inneres Betätigungselement, das mit besag-
tem erstem Ventilelement verbunden ist, um
Verdrängung von besagtem erstem Ventilele-
ment als Reaktion auf besagten ersten Schwim-
mer zu steuern, wobei besagtes inneres Betäti-
gungselement innerhalb von besagtem zylind-
rischem Betätigungselement angeordnet ist,
wobei besagtes zylindrisches Betätigungsele-
ment und besagtes inneres Betätigungselement
unabhängig besagte erste und zweite Schwim-
mer mit jeweiligen Ventilelementen verbinden
und betätigbar sind, um freie relative Bewegung
zwischen besagten ersten und zweiten Ventile-
lementen zu erlauben.

20. Befeuchtungssystem nach irgendeinem der Ansprü-
che 4 bis 19, worin besagtes Gasversorgungsmittel
ein von einem drehzahlvariablen Elektromotor an-
getriebenes Gebläse ist.

21. Befeuchtungssystem nach Anspruch 1, worin be-
sagtes System ferner Folgendes umfasst:
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zweites Temperaturerfassungsmittel, das die
Temperatur von besagten Gasen misst, die aus
besagtem Auslass gelangen, und besagtes
Steuermittel gespeicherte Anweisungen bein-
haltet zum:

i) Bestimmen einer Transportweg-Heizmit-
teleingangsleistung basierend auf mindes-
tens besagter Temperatur von besagter
Luft gemäß Messung durch besagtes ers-
tes Temperaturerfassungsmittel und be-
sagter Strömung von besagten Gasen ge-
mäß Messung durch besagtes Strömungs-
messmittel,
ii) Bestimmen einer erforderlichen Tempe-
ratur von besagten Gasen, die aus besag-
tem Auslass gelangen, basierend auf min-
destens besagter Strömung von besagten
Gasen gemäß Messung durch besagtes
Strömungsmessmittel und besagter Feuch-
te von besagten Gasen gemäß Messung
durch besagtes Feuchteerfassungsmittel,
iii) Bestimmen der Isttemperatur von besag-
ten Gasen, die aus besagtem Auslass von
besagtem zweitem Temperaturerfassungs-
mittel gelangen,
iv) Variieren der Eingangsleistung von be-
sagtem Wasserheizmittel um zu bewirken,
dass besagte Isttemperatur sich besagter
erforderlicher Temperatur nähert, um be-
sagte gewünschte Feuchte, Strömung und
Temperatur von besagten Gasen, die an
besagten Patienten geliefert werden, zu er-
reichen.

22. Befeuchtungssystem nach Anspruch 21, worin be-
sagtes Gasversorgungsmittel, besagtes Befeuch-
tungsmittel, besagtes Strömungsmessmittel, besag-
tes Feuchteerfassungsmittel, besagte erste und
zweite Temperaturerfassungsmittel und besagtes
Steuermittel in einem Gehäuse untergebracht sind,
sodass es keine externen Sensoren und Kabel mit
Erstreckung aus oder auf besagtem Befeuchtungs-
system gibt, die besagten Patienten oder sonstigen
Benutzer des besagten Befeuchtungssystems be-
hindern.

Revendications

1. Un système d’humidification adapté pour délivrer
des gaz humidifiés à un niveau souhaité d’humidité,
de débit et de température à un patient, comprenant :

(a) un moyen d’alimentation en gaz fournissant
un flux de gaz,
(b) un moyen d’humidification ayant une puis-
sance d’entrée électrique et capable d’humidi-

fier lesdits gaz à un niveau d’humidité avant de
les délivrer audit patient,
(c) un moyen de mesure de débit qui détermine
le flux desdits gaz avant l’entrée desdits gaz
dans ledit moyen d’humidification,
(d) un moyen de détection d’humidité mesurant
l’humidité desdits gaz avant l’entrée desdits gaz
dans ledit moyen d’humidification,
(e) un premier moyen de détection de tempéra-
ture mesurant la température de l’air externe du-
dit système d’humidification,
(f) un moyen de voie de transport, ayant un
moyen de chauffage, ledit moyen de voie trans-
férant lesdits gaz humidifiés dudit moyen d’hu-
midification audit patient, et
(g) un moyen de commande incluant des ins-
tructions stockées pour :

i) déterminer une puissance d’entrée du
moyen de chauffage de la voie de transport
sur la base d’au moins ladite température
dudit air telle que mesurée par ledit premier
moyen de détection de température et ledit
flux desdits gaz tel que mesuré par ledit
moyen de mesure de débit,
ii) déterminer une puissance d’entrée du
moyen d’humidification sur la base d’au
moins ledit flux desdits gaz tel que mesuré
par ledit moyen de mesure de débit et ladite
humidité desdits gaz telle que mesurée par
ledit moyen de détection d’humidité pour
réaliser lesdits humidité, débit et tempéra-
ture souhaités desdits gaz, qui sont fournis
audit patient.

2. Un système d’humidification selon la revendication
1 dans lequel ledit moyen d’humidification comprend
une chambre d’humidification adaptée pour recevoir
un volume d’eau et un moyen de chauffage d’eau
pour chauffer ladite eau, lesdits gaz traversant ladite
chambre d’humidification en entrant par une admis-
sion des gaz et en sortant par une sortie des gaz, et
évaporant ladite eau, lesdits gaz étant ainsi humidi-
fiés.

3. Un système d’humidification selon la revendication
1 ou 2 dans lequel ledit système d’humidification in-
clut en outre un deuxième moyen de détection de
température mesurant la température dudit moyen
de chauffage d’eau.

4. Un système d’humidification selon la revendication
2 dans lequel ledit moyen de commande inclut des
instructions stockées pour :

i) déterminer une puissance d’entrée du moyen
de chauffage de la voie de transport sur la base
d’au moins ladite température dudit air telle que
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mesurée par ledit premier moyen de détection
de température et dudit flux desdits gaz tel que
mesuré par ledit moyen de mesure de débit,
ii) déterminer une température requise dudit
moyen de chauffage d’eau sur la base d’au
moins ledit flux desdits gaz tel que mesuré par
ledit moyen de mesure de débit et ladite humi-
dité desdits gaz telle que mesurée par ledit
moyen de détection d’humidité,
iii) déterminer la température réelle dudit moyen
de chauffage d’eau provenant dudit deuxième
moyen de détection de température,
iv) varier la puissance d’entrée dudit moyen de
chauffage d’eau pour permettre à ladite tempé-
rature réelle de s’approche de ladite températu-
re requise pour réaliser lesdits humidité, débit
et température souhaités desdits gaz fournis
audit patient.

5. Un système d’humidification selon la revendication
4 dans lequel ledit système d’humidification inclut en
outre un troisième moyen de détection de tempéra-
ture mesurant la température des gaz avant l’entrée
desdits gaz dans ledit moyen d’humidification.

6. Un système d’humidification selon la revendication
4 ou 5 dans lequel ledit moyen de commande inclut
en outre des instructions pour déterminer ladite puis-
sance d’entrée du moyen d’humidification sur la ba-
se dudit flux desdits gaz tel que mesuré par ledit
moyen de mesure de débit, ladite humidité desdits
gaz telle que mesurée par ledit moyen de détection
d’humidité et ladite température desdits gaz telle que
mesurée par ledit troisième moyen de détection de
température.

7. Un système d’humidification selon l’une quelconque
des revendications 4 à 6 dans lequel ledit système
d’humidification inclut un moyen de détection de
pression mesurant la pression desdits gaz avant
l’entrée desdits gaz dans ledit moyen d’humidifica-
tion.

8. Un système d’humidification selon l’une quelconque
des revendications 4 à 7 dans lequel ledit moyen de
commande inclut en outre des instructions pour dé-
terminer ladite puissance d’entrée du moyen d’hu-
midification sur la base dudit flux desdits gaz tel que
mesuré par ledit moyen de mesure de débit, ladite
humidité desdits gaz telle que mesurée par ledit
moyen de détection d’humidité, ladite température
desdits gaz telle que mesurée par ledit troisième
moyen de détection de température et ladite pres-
sion desdits gaz telle que mesurée par ledit moyen
de détection de pression.

9. Un système d’humidification selon l’une quelconque
des revendications 4 à 8 dans lequel ledit système

d’humidification inclut un orifice d’admission de gaz
additionnels et au moins un moyen de détection
d’oxygène situé dans ledit flux de gaz pour mesurer
ladite concentration en oxygène des gaz.

10. Un système d’humidification selon la revendication
9 dans lequel ledit orifice d’admission de gaz addi-
tionnels permet l’ajout d’oxygène audit flux de gaz
par ledit système d’humidification.

11. Un système d’humidification selon l’une quelconque
des revendications 9 ou 10 dans lequel ledit moyen
de commande inclut en outre des instructions pour
déterminer ladite puissance d’entrée du moyen d’hu-
midification sur la base dudit flux desdits gaz tel que
mesuré par ledit moyen de mesure de débit, ladite
humidité desdits gaz telle que mesurée par ledit
moyen de détection d’humidité, ladite température
desdits gaz telle que mesurée par ledit troisième
moyen de détection de température et ladite con-
centration en oxygène desdits gaz telle que mesurée
par ledit moyen de détection d’oxygène.

12. Un système d’humidification selon l’une quelconque
des revendications 1 ou 7 à 11 dans lequel ledit
moyen d’alimentation en gaz, ledit moyen d’humidi-
fication, ledit moyen de mesure de débit, ledit moyen
de détection d’humidité, lesdits premier et deuxième
moyens de détection de température, ledit moyen
de détection de pression et ledit moyen de comman-
de sont logés dans un logement de sorte qu’il n’y a
aucun capteur externe ni câblage venant de ou en-
trant dans ledit système d’humidification pour gêner
ledit patient ou tout autre utilisateur dudit système
d’humidification.

13. Un système d’humidification selon la revendication
12 dans lequel ledit logement a une admission ex-
terne dans ledit moyen d’alimentation en gaz et une
sortie pour lesdits gaz humidifiés, où ladite sortie est
dans ladite chambre d’humidification laquelle est
raccordée audit moyen de voie de transport par le
biais d’un raccord qui fournit les raccordements à la
fois électriques et pneumatiques entre ladite cham-
bre d’humidification et ladite voie de transport.

14. Un système d’humidification selon l’une quelconque
des revendications 4 à 13 dans lequel ledit système
d’humidification inclut un moyen de détection de sur-
chauffe de la voie de transport pour ledit moyen de
chauffage comprenant :

un moyen de détection qui inclut un moyen pour
détecter un courant dans ledit moyen de chauf-
fage, et
un moyen de commande de détection qui stocke
un programme qui permet au moyen de com-
mande de :
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i) recevoir l’entrée dudit courant dans ledit
moyen de chauffage provenant dudit
moyen de détection, et
ii) si ledit courant est au-dessous d’une va-
leur de courant sûre, alors réduire la puis-
sance audit élément de chauffage d’une va-
leur de courant de fonctionnement à au
moins ladite valeur de courant sûre, sinon
retourner à i),
iii) augmenter la puissance audit élément
de chauffage après une durée prédétermi-
née à ladite valeur de courant de fonction-
nement.

15. Un système d’humidification selon la revendication
14 dans lequel ledit moyen de voie de transport est
un tube en plastique extrudé, et ledit moyen de
chauffage est composé d’au moins deux fils conduc-
teurs incorporés dans la paroi dudit tube, afin d’être
contenu partiellement ou entièrement dans ladite pa-
roi.

16. Un système d’humidification selon la revendication
15 dans lequel le profil transversal dudit tube en plas-
tique extrudé est tel qu’un affaissement total ou une
occlusion totale n’est pas possible durant le pliage.

17. Un système d’humidification selon la revendication
15 ou 16 dans lequel ledit tube en plastique extrudé
inclut deux ou plus de deux couches co-extrudées
de différentes matières plastiques ayant des proprié-
tés variables.

18. Un système d’humidification selon l’une quelconque
des revendications 4 à 17 dans lequel ledit moyen
de chauffage est un élément de chauffage à coeffi-
cient thermique positif, par exemple sous forme d’un
fil ou d’un ruban.

19. Un système d’humidification selon l’une quelconque
des revendications 4 à 18 dans lequel ledit moyen
d’humidification inclut un système de soupape à flot-
teur pour commander le niveau de liquide dans une
chambre comprenant :

un corps de soupape ayant une admission pour
s’accoupler à un conduit d’alimentation en liqui-
de et une sortie adaptée pour communiquer
avec ladite chambre,
un premier siège de soupape formé dans ledit
corps à travers le liquide doit passer pour attein-
dre ladite sortie,
un deuxième siège de soupape formé dans ledit
corps situé en aval dudit premier siège de sou-
pape, à travers lequel le liquide doit passer pour
atteindre ladite sortie,
des premier et deuxième flotteurs adaptés pour
être disposés dans ladite chambre, un premier

élément de soupape étant actionné par ledit pre-
mier flotteur de façon à se fermer sur ledit pre-
mier siège de soupape lorsque le premier flot-
teur prend une position correspondant à un pre-
mier niveau prédéterminé de liquide dans ladite
chambre,
un deuxième élément de soupape actionné par
ledit deuxième flotteur de façon à se fermer sur
ledit deuxième siège de soupape lorsque le
deuxième flotteur prend une position correspon-
dant à un deuxième niveau prédéterminé de li-
quide dans ladite chambre, ledit deuxième ni-
veau prédéterminé de liquide étant plus élevé
que ledit premier niveau prédéterminé de liqui-
de,
un élément d’actionnement cylindrique raccor-
dé audit deuxième élément de soupape afin de
commander le déplacement dudit deuxième élé-
ment de soupape en réponse audit deuxième
flotteur,
un élément d’actionnement interne raccordé
audit premier élément de soupape afin de com-
mander le déplacement dudit premier élément
de soupape en réponse audit premier flotteur,
ledit élément d’actionnement interne étant dis-
posé dans ledit élément d’actionnement cylin-
drique, ledit élément d’actionnement cylindrique
et ledit élément d’actionnement interne raccor-
dant indépendamment lesdits premier et
deuxième flotteurs aux éléments de soupape
respectifs, et actionnable pour permettre un
mouvement libre relatif entre lesdits premier et
deuxième éléments de soupape.

20. Un système d’humidification selon l’une quelconque
des revendications 4 à 19 dans lequel ledit moyen
d’alimentation en gaz est un ventilateur entraîné par
un moteur électrique à vitesse variable.

21. Un système d’humidification selon la revendication
1 dans lequel ledit système comprend en outre :

un deuxième moyen de détection de tempéra-
ture mesurant la température desdits gaz sor-
tant par ladite sortie et ledit moyen de comman-
de inclut des instructions stockées pour :

i) déterminer une puissance d’entrée du
moyen de chauffage de la voie de transport
sur la base d’au moins ladite température
dudit air telle que mesurée par ledit premier
moyen de détection de température et ledit
flux desdits gaz tel que mesuré par ledit
moyen de mesure de débit,
ii) déterminer une température requise des-
dits gaz sortant par ladite sortie sur la base
d’au moins ledit flux desdits gaz tel que me-
suré par ledit moyen de mesure de débit et
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ladite humidité desdits gaz telle que mesu-
rée par ledit moyen de détection d’humidité,
iii) déterminer la température réelle desdits
gaz sortant par ladite sortie dudit deuxième
moyen de détection de température,
iv) varier la puissance d’entrée dudit moyen
de chauffage d’eau pour que ladite tempé-
rature réelle s’approche de ladite tempéra-
ture requise pour réaliser lesdits humidité,
débit et température souhaités desdits gaz
fournis audit patient.

22. Un système d’humidification selon la revendication
21 dans lequel ledit moyen d’alimentation en gaz,
ledit moyen d’humidification, ledit moyen de mesure
de débit, ledit moyen de détection d’humidité, lesdits
premier et deuxième moyens de détection de tem-
pérature et ledit moyen de commande sont logés
dans un logement de sorte qu’il n’y a aucun capteur
externe ni câblage venant de, ou entrant dans, ledit
système d’humidification pour gêner ledit patient ou
tout autre utilisateur dudit système d’humidification.
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